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Background

The Observational Health Data Sciences and Informatics (OHDSI) [1] community enables large-scale,
reproducible research through the Observational Medical Outcomes Partnership (OMOP) Common Data
Model (CDM) [2] and the Health Analytics Data-to-Evidence Suite (HADES) [3] that implements
standardized analytics on mapped observational health data.

The OHDSI [1] network is expanding through initiatives such as EHDEN [4] and DARWIN EU® [5], with a
growing number of databases being mapped to the OMOP CDM [2]. Simultaneously, the volume of data
within each database is increasing over time, as exemplified in Table 1. In addition, more analytical
packages are introduced and are frequently used. The generation of cohorts built in ATLAS [6] is also
increasing. To enable the early detection of errors and performance issues, before they impact research
workflows, benchmarking the performance and reliability of cohort generation and analytics across
different data volumes and database systems is necessary.

To respond to these needs, DarwinBenchmark was developed to evaluate the performance of cohort
generation, analytics, and data sources across the OMOP CDM [2] databases. It provides a framework for
standardized benchmarking across databases and tools.

Methods

DarwinBenchmark’s functionality was defined based on user stories derived from interviews with
stakeholders in the OHDSI [1] community. During these interviews, key challenges in research code
execution, including runtime, package, and database system issues, were discussed. Furthermore,
implemented solutions were documented, stakeholder roles were clarified, and opportunities for process
improvements were identified.

Currently, the package implements two benchmarking functions: cohort benchmarking and package
benchmarking. To visualize and explore the benchmarking results, a Shiny Application is provided.

Cohort benchmarking evaluates the execution of cohort definitions across databases using three cohorts
built in ATLAS [6]. These cohorts contain frequently occurring concept IDs from various domains such as
Conditions, Drugs, Observations, Measurements, Devices and Procedures. Each cohort applies
progressively more constraints. Initially, subjects qualify by meeting the cohort's entry requirements. This
involves having at least one of the specified concept IDs in any of the relevant tables. In subsequent
cohorts, the entry criteria are more selective. At the same time, additional inclusion rules are introduced,
requiring subjects to have records with the specified concept IDs across a growing number of domains.
These inclusion rules are most complex in the smallest cohort. This is done to investigate how cohort entry
requirements and inclusion rules impact performance. Overall, cohort generation success, cohort size,
and execution time are tracked.

Package benchmarking runs the specified package’s benchmarking function and reports the execution
success as well as the runtime of predefined tasks. Supported packages include the following DARWIN



EU® packages: IncidencePrevalence [7], CDMConnector [8], DrugUtilisation [9], and CohortCharacteristics
[10]. HADES [3] packages can be integrated into DarwinBenchmark by exposing a dedicated benchmarking
function.

DarwinBenchmark is implemented in R, licensed under Apache 2.0, and is available on GitHub:
https://github.com/darwin-eu/DarwinBenchmark.

Results

Initial benchmarks were run on Integrated Primary Care Information (IPCl) [11], a Dutch primary care
database mapped to the OMOP CDM [2]. Both the cohort benchmark and the package benchmark
functions were executed against four versions of the IPCI [11] database, covering the period from 2023 to
2025. Benchmarks were run ten times to obtain mean and standard deviation for the runtimes. The
infrastructure setup was kept the same across all benchmarks.

Table 1 shows the number of subjects as well as the total number of relevant records across these
database versions. Relevant records include entries from the Conditions, Drugs, Observations,
Measurements, Devices, and Procedures tables. Overall, the number of subjects and records increases
with each release as more data is added over time.

The Shiny application offers insights into cohort generation runtimes across databases and their versions.
Figure 2 shows that, despite larger data volumes, the 2024-10-22 and 2025-04-16 releases generate the
most constrained cohort faster than the 2023-09-27 and 2024-04-30 releases. Runtimes for the remaining
cohorts are consistent across versions, with the largest cohort requiring some more time to generate.

Figure 3, presents task runtimes from the benchmarking function of the CohortCharacteristics package
[10] across different database releases. Findings from the Shiny application indicate that task runtimes
remain stable across database releases. The most time-consuming operations involve the
summariseLargeScaleCharacteristics() function, particularly when applied to the Measurements table.
The interface also enables comparison of runtimes across different package versions.

Table 1. Number of subjects and total records (sum of entries from the Conditions, Drugs, Observations, Measurements,

Devices, and Procedures tables) across different versions of the /PCI [11] database. The number of subjects is rounded to the
nearest thousand, and the number of records is rounded to the nearest million.

Database Release Number of Subjects Number of Records
Date (k) (M)
2023-09-27 2817 910
2024-04-30 2870 909
2024-10-22 2955 956

2025-04-16 2985 981



https://github.com/darwin-eu/DarwinBenchmark
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Figure 2. User interface for the Cohort Generation Benchmark. Despite larger data volumes, recent releases generate the
most constrained cohort faster. Runtimes for other cohorts remain consistent across versions. The largest cohort requires
slightly more time to generate.
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Figure 3. User interface for Version-Trends from Package Benchmark. Tasks defined in the benchmark function of the
CohortCharacteristics package [10] are evaluated across multiple versions of the IPCI [11] database. Performance remains
stable for all tasks across versions. The most time-consuming task is the use of the summariselLargeScaleCharacteristics()
function on the Measurements table.

Conclusion

DarwinBenchmark addresses the need for systematic benchmarking in OMOP CDM databases. It
evaluates cohort execution and analytical package performance across databases with varying sizes and
infrastructure, to identify runtime and efficiency issues proactively. The package enables reproducible,
consistent performance evaluation. It highlights opportunities for improvement for databases and
package maintainers to ensure the timely delivery of real-world evidence generated by the OHDSI/ [1]
community.

Future work will focus on integrating HADES [3] packages into DarwinBenchmark and extending
benchmarking to include more databases. Finally, additional metrics and statistics will be explored in
collaboration with package maintainers and other stakeholders.
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